Olfactory dysfunction is one of the main symptoms of Chronic Rhinosinusitis (CRS) caused by bacteria in the form of biofilm. Therapeutic Pulsed Ultrasound (TPU), besides its anti-inflammatory effects has the ability to disintegrate the strong walls of biofilms (community of bacteria), thus help relieve the symptoms of CRS, one of the major symptoms of which is olfactory dysfunction.
Introduction
he sense of smell is one of the important senses to ensure our safety (making us conscious of the environment), assist in the perception of tastes, increase sexual power, and manage time and place [1] . Olfactory dysfunction decreases life quality and ultimately leads to social inefficiency and depression [2] . There are various causes of olfactory dysfunction, one of which is Chronic Rhinosinusitis (CRS) [3] . CRS is one of the ten most common diseases around the world and inflicts approximately 12.5 million people in Europe and the USA each year [3] .
CRS has two types of symptoms: major symptoms and minor symptoms. Olfactory dysfunction is a major symptom. Approximately 65% to 85% of people contracting CRS experience olfactory dysfunction [3] . The stronger the CRS condition, the greater the degree of olfactory dysfunction [4] . The most repetitive cause of contracting CRS is the biofilm form of bacteria [3] . Biofilm is remarkably resistant to body's immune system and antibiotics [4] . The inflammation caused by the bacteria in the mucus of the sinuses and the nose prevents the olfactory molecules from reaching the surface layer of the epithelium. In addition, the edema caused by the inflammation will result in olfactory nerve synapses disorder, which in turn, disrupts the transmission of the olfactory messages [5] . Common treatments that help recover from CRS include antibiotics, steroids, and saline [6] .
Different factors such as the resistance of biofilm bacteria to common treatments [7] , failure of the treatments [8] , as well as side effects of using steroids (such as stomach ulcers, osteoporosis, and immune system deficiency) have all cast doubt on the use of common treatments [4] . Studies conducted on the effects of continuous and Therapeutic Pulsed Ultrasound (TPU) indicate acceptable findings on the alleviation of symptoms and improvement of smell sense [9] [10] [11] [12] [13] [14] .
Case Description
Our study case was a 42-year-old man, who had suffered from CRS, diagnosed by a specialist and based on CT scan findings. The chief complaint in CRS is olfactory dysfunction. Moreover, he had problem in tasting because smell dysfunction affects the sense of taste, too [1] . Thus, he couldn't feel the taste or smell of food. Because of losing his appetite and passion for eating, he had lost about 5 kg weight.
During his illness, the patient used various drugs such as antibiotics, nasal saline, and oral steroids to alleviate his symptoms. However, the recurrence and persistence of olfactory dysfunction and other symptoms of CRS showed the failure of these common medications. CRS was diagnosed by an ENT specialist and based on CT scan clinical findings. The patient was referred to a physiotherapy clinic. During treatment the patient did not use any drugs and spray. CT scan findings were rated from 0 (clean), 1 (mild), 2 (moderate), and 3 (total obscurity) by the specialist physician [15, 16] before and after the treatment ( Table 1 ).
The severity of the symptoms of chronic sinusitis was determined by the valid questionnaire of Sino-Nasal Outcome Test (SNOT-20) [17] (from 0: No symptom to 5: The most intense symptom) ( Table 2 ). In addition, olfactory sense involvement was rated by the Persian version of the University of Pennsylvania's Smell Identification Test (SIT) known as Iran-SIT (from 0 to 24) [18, 19] . Table 3 presents the identification of odors by the patient in the first therapy session, the last therapy session, and one month after the last therapy session.
The therapeutic goals in this study included the improvement of olfactory sense caused by CRS and the alleviation of other symptoms of chronic rhinosinusitis, such as the post-nasal drip, headache, ear fullness, fatigue, and the clarity of the maxillary sinuses in the clinical findings. The ultrasound device employed was an ITO US-750. The applicator surface was 1 cm 2 , ERA (Effective Radiation Area) was 0.9 cm 2 , and the beam non-uniformity ratio was 3.6 (that is very low). For each maxillary sinus, the physiotherapist applied 1 w/cm 2 for 5 minutes, also he applied 10% pulsed ultrasound in the site of the surface anatomy of the maxillary and frontal sinuses for 10 sessions (3 sessions a week). The sum of scores was 100 showing "the problem as bad as it can be" and 0 representing "no problem". The validity and reliability of SNOT-20 have been already approved. The SNOT-20 score before our treatment, after treatment, and 1-month follow-up was 24, 3, and 2, respectively ( Table 1 ). The extent of the olfactory dysfunction was evaluated before the treatment, after the treatment, and one month after the last session of the therapy, using the Persian version of Pennsylvania SIT.
In this test, 24 different aromas were used and on the basis of the scores, olfactory dysfunction was rated from The patient selected the closest smell among accessible choices at the bottom of every sticker and then based on the scores received; the severity of olfaction dysfunction was recognized in the range of normosmia to anosmia. The patient's score was 13 and was classified under the 'severe hyposmia' class. After 10 sessions of intervention, his score reached 24, showing an improvement in smell dysfunction (Table 4) .
Discussion
Olfactory dysfunction caused by chronic rhinosinusitis is the result of inflammation and the subsequent edema. This condition may lead to the interruption of smell messages [12] and dysfunction of synaptic spaces. Considering the anti-inflammation effects of TPU and according to recent studies [12, 14, 16] , therapeutic ultrasound can influence the symptoms of CRS and its resulting smell dysfunction. Because of the high prevalence of olfactory dysfunction in CRS, limited effects of common therapeutic methods, and possibility of the recurrence of symptoms after taking medications, there is an urgent need for an alternative treatment.
It appears that TPU can significantly affect the symptoms of CRS for the following reasons: 1. TPU has antiinflammation effects against bacterial inflammation, and altering the cell membrane permeability leads to the re- [5] .
The effects of TPU modality have not been specifically and objectively applied to olfactory dysfunction. In this study, olfactory dysfunction and its severity were evaluated using native and valid tests. It appears that non-invasive TPU can significantly treat olfactory dysfunction and other symptoms of CRS. This case study with a 1-month follow-up showed that pulsed ultrasound can be effective in improving olfactory dysfunction and other symptoms of chronic sinusitis. The maxillary sinuses were improved, as confirmed by clinical findings and symptoms. Future studies can further shed light on this therapeutic intervention.
Limitations should be acknowledge. Control group could be added to research design for accurate assessment of therapeutic ultrasound. Although the sample size should be more than this study to reared carefully and ample of characters diffidence between patients.
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